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Abstract 
This paper is a result of a fruitful 
cooperation between the computer science 
and the dental diagnosis experiences. The 
study presents a new approach of applying 
computer algorithms to radiographic 
images of dental implantation used for bone 
regeneration.  We   focus here only on the 
contribution of the computer assistance to 
the clinical research as the periodontal 
therapy is beyond the scope of this paper. 
The proposed system is based on a pattern 
recognition approach, directed to recognize 
density changes in the intra-bony affected 
areas of patients. It comprises different 
modules with new algorithms specially 
designed to treat the patients’ radiographic 
images more accurately. The system 
includes digitizing, detecting the 
complicated region of interest(ROI), 
defining  reference area to correct any 
projection discrepancy of the follow up 
images,  and finally to extract the 
distinguishing  features of the ROI  as a 
basis for  determining the rate of  new bone 
density accumulation. This study is applied 
to two typical dental cases for a patient 
who received two different operations. The 
results are very encouraging and more 
accurate than traditional techniques 
reported before.  
Keywords: pattern recognition, computer 
aided analysis, radiographic images, region 
of interest. 
1. Introduction 
Recent advances in Computer Aided 
Analysis technology have dramatically 
increased the success of adopting computer  
schemes to detect the bone formation and 
resolution of patient’s affected areas when 
dental or clinical operations are performed.  
In very simple terms, this paper deals with 
dental bone implant operation which is 
based on placing membrane in combination 
with some natural bone over the bone 
affected site of the patient in an attempt to 
grow new bone, and also prevents the in-
growth of fibrous scar tissue into the 
grafted site. 
In order to measure and evaluate the 
success of bone implant operations, an 
effective method should be defined to 
determine the rate of new generation of 
bone density. Many techniques have been 
reported [1-7] in periodontal practice, most 
of which are based on radiographic image 
analysis of the region of interest (ROI) for 
the patient, aiming to reveal the density 
changes of the new bone in the treated area.  
There are some inherent problems related to 
this radiographic image analysis. This is 
because dental radiographs often do not 
have high contrast which makes it very 
difficult to automatically identify the 
boundaries of the ROI. In addition all 
radiographs require a precise 
standardization of the x-ray image. This 
standardization usually involves x-ray 
control, the radiograph film, and the ROI all 
over the follow up period that may last for 
more than a year after the treatment.   
In addition to the techniques used in 
medical diagnosis, there is the method 
of digital    subtraction   radiography     
(DSR)  
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which is used to cover a wide range of 
periodontal diagnosis [3-6]. Previous 
reports confirm that DSR is very helpful 
compared to traditional radiographic 
analysis based on visual interpretation [6].  
However, this approach still suffers from 
the sensitivity and dependency on the 
physical positioning of the x-ray device and 
the location of the ROI relative to the 
radiographic film. In addition, the technique 
needs an elaborate scaling and this may 
lead to loss of accuracy [2], [8].  
In recognizing the region of interest, all of 
the above techniques simplify the shape 
extraction by manually selecting a 
rectangular region rather than tracing the 
exact border contour of the ROI. This is 
only an approximation of the real situation 
as the shape between teeth varies 
substantially and hence the final evaluation 
of bone density will be invalid.  Our 
objective is to find a new and an effective 
method to compute or determine the 
success rates of new bone density 
accumulation after dental bone implantation 
over the entire follow up period. 
2. Structure of the Proposed System  
The proposed system depends mainly on 
analysing the radiographic images for many 
patients at different times to follow up the 
success rate of bone density development. 
For each patient, a baseline radiograph will 
be compared to the follow up images at 
different times as follows:  
i)   Before surgery (base-line radiograph), 
ii) Six months after surgery, and 
iii) Twelve months after surgery. 
These comparisons are used to detect the 
change in bone density which reflects the 
degree of change in bone regeneration. 
Quantitative information regarding density 
changes at the intra-bony defected areas 
will be obtained based on the proposed 
computerised image analysis and the 
programs developed for this research.  
Generally, the proposed system is based on 
a pattern recognition approach adopted in 
most image analysis.  Figure 1 shows a 
typical radiographic image taken for a 
typical patient at the dental clinic.  It is seen 
that the marked rectangular area in Figure 
1(a) represents approximately the region of 
interest of the bone implantation between 
two teeth. As shown from Figure 1(b), the 
difference of the real intra-bony shape 
between the two teeth and the approximated  
rectangular is clear.
   
                                                                           
(a) Approximated rectangular region of interest (ROI)           (b) Zooming in for the real ROI 
Figure 1. Real ROI compared to the approximated rectangular shape. 
                  
Pocket Depth (PD) 
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(a) Intra-bony area (b) Extracted ROI 
2.1 Recognition Modules 2.1.2 Segmentation Module 
The pattern recognition scheme to 
recognize the density changes at the intra-
bony affected areas is composed of three 
modules. The system starts by having the 
first module digitize the radiographic image 
and generate the proper format for further 
analysis. In the second module, a new 
approach is adopted to detect the region of 
interest (ROI) to be analysed. The last 
module is the proposed algorithm that 
extracts the distinguishing features of the 
ROI and determines the rate of bone 
regeneration density accumulated during 
the follow up period. 
2.1.1 Digitizing Module  
Radiographs acquired at the desired 
baseline have a special format (LZW-
compressed TIFF format) which cannot be 
supported by further analysis. Therefore 
this module is used to transform the 
digitized radiographic image into the more 
standard imaging format to deal with so that 
each image element can be quantified to the 
grey levels in which each pixel value varies 
normally from 0 to 255. 
In this module, a segmentation algorithm is 
applied to trace properly the contour border 
of the implanted region. As shown in 
Figure 2(a), this region is complicated, 
depending largely on the teeth structure and 
the patient’s physical anatomy. 
In all cases, the borders of the region are the 
cemento-enamel junction (CEJ) of the tooth 
and the base of the periodontal pocket used 
to determine the bone gain for the patient. 
For this purpose, a generalized algorithm is 
developed specially to trace the best fit to 
the ROI for any patient based on a 
predetermined threshold value. Using this 
algorithm will improve the recognition of  
new bone regeneration area and will not 
suffer from errors due to the  physical 
positioning discrepancy of the x-ray beam, 
as those traditional methods reported before.  
Figure 2(b) shows the result of the final 
extraction of the ROI taken typically for the 
same patient based on the new approach 
presented here. Comparison with the 
traditional rectangular approximation 
shown in Figure 1(a) clarifies the big 
difference and the improper representation 
used before. In addition, this paper suggests  
Figure 2. Typical ROI extracted by our approach 
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a simple idea to compensate or correct the 
radiographic image of any patient against 
the sensitivity of the radiograph film used 
in the machine. The idea is to select another 
segmental region acting as reference data 
for the baseline image. A small square 
consisting of 50x50 pixels precisely is 
taken from a reference tooth from each 
patient’s image. This region is used to 
overcome the variations of the radiographic 
images according to the change of film 
sensitivity and developing.  All of the 
follow up images over the period of 
examination (about 12 months) are referred 
back to this image for compensation against 
any deviation from the baseline resolution 
taken originally from the same patient. 
2.1.3  Feature Extraction Module
Once the proper borders of the ROI are 
defined based on the above algorithm, the 
feature extraction of the ROI contents for 
each patient can be determined based on the 
degree of the resolution level of the region. 
It should be noted that each patient has 3 
images as explained above. 
      
The proposed algorithm is explained in 
Figure 3 and is summarized as:  
• Read the images under test for each 
patient. This includes the ROI and 
reference data imaging explained above.  
• From the reference regions of the three 
images , get the mean value of all the 
pixels values : 
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• Get the maximum value ( x ) from the 
previous values: 
            x = max ( s1  s2   s3  )  
• From the ROI, extract file information 
including the matrix dimension of the 
image pixels (N x M) and the value of 
each pixel in the image matrix. 
• Find the difference between x and si and 
add it to the entire image of ROI to 
compensate for the variation of 
radiographic images against film and 
developing sensitivity.  
• Normalize the captured image by 
dividing each element in the matrix by 
255 which is the largest element value 
in any image matrix in this study. 
• Scan the pixels values column wise to 
build up a vertical histogram. The 
algorithms for these vertical 
projections are based on the following 
models: 
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This is the decisive algorithm that 
determines the rate of new bone 
regeneration of the examined case. The 
basic idea of this algorithm is based on the 
history of the extracted features module 
collected over the period of examination 
(usually 12 months). The results are given 
as a percentage relative to the baseline 
explained before. 
Therefore, the algorithm adopted to 
compute the density changes at the intra-
bony affected area is summarised as:      
• Compute the difference between hist1 
and hist3 to evaluate the bone gain 
within twelve months. 
• Compute  the progress of  bone density 
accumulation using the formula: 
ty1))]/sum(hissum(histy1)sum(histy3[
100density  Bone
−
×=
 where 
histy1: The histogram of the first image 
before the surgical operation, and 
histy3: The histogram of the last image 
twelve months after the surgical operation.                           
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Figure 3. Block diagram of the proposed system  
3.  Implementation and Discussion of 
Results 
The proposed algorithms have been 
implemented based on the Matlab package 
and applied to the history cases for the 
same patient under examination. Typical 
results of the measured new bone 
regeneration density for all cases have been 
obtained.  Figure 4 and Figure 5 illustrate 
some of these results. Figure 4 shows the 
results of surgical technique 1 including the 
computed results of the pocket depth 
reduction and the accumulated new bone 
regeneration at the ROI. The computation 
of bone density is based on the vertical 
histogram shown in the pocket depth 
reduction curves. The difference between 
the last image and the base line image gives 
the bone density. All results are given in per 
unit volume relative to the baseline data.  A 
typical value, as indicated in Figure 4, is 
about a 37.32% increase in the bone density 
by the end of the examined follow up 
period of about 12 months.  In a similar 
fashion, Figure 5 gives the results of 
surgical technique 2 which is dentally more 
advanced. The result of this operation is 
typically a 63.37% increase in bone 
regeneration for the same patient.  
Dental analyses of the results confirm that 
the obtained results are more accurate and 
more reliable than the traditional Vernier 
calibre and film viewer approach. For 
instance, the density results of a 37.32% 
increase given in Figure 4 matches well 
with the old surgical technique 1 whilst the 
results of 63.37%   increase given in Figure 
5 matches the more advanced surgical 
technique 2.  These precise results could 
not be obtained based on the traditional 
technique.  
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Figure 4. Typical results of bone regeneration evaluation, surgical technique 1 
(Bone density change after Modified Widman Flap operation) 
Figure 5. Typical results of bone regeneration evaluation, surgical technique 2 
(Bone density after Guided tissues regeneration operation) 
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4.  Conclusions 
The methodology of computer aided 
analysis presented in this paper is more 
accurate and more reliable than the other 
techniques used so far in evaluating the 
process of dental bone implantation. In 
addition, the developed method is simple, 
as it relies basically on the sets of 
radiographic images taken historically for 
the patient under examination. 
The technique does not require any 
alignment or scaling between the stored 
historical images. It deals with each follow 
up image separately based on accurate 
selection of the ROI. 
Because the computation of the developed 
program is performed based on the entire 
intensity variation of the ROI, this 
technique is more able to recognize the 
density changes at the intra-bony affected 
areas than any other technique reported 
before.     
The developed technique treats the 
compensation of the radiographic image 
due to film sensitivity and developing 
process more practically. This is achieved 
by referring all follow up images to 
reference imaging data taken from the same 
patient for judicious evaluation process. 
The results of the experimental cases are 
very encouraging and establish the 
confidence in this research.   
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